C hronic kidney disease (CKD) is a major cause of morbidity, mortality, and high medical costs in the United States, particularly among older adults. 1 Nearly 1 in 7 adults has CKD, 2 and recent data suggest that the number of deaths from CKD has doubled in the past 2 decades. 3 In addition to its burden on health, CKD requires substantial US health care resources. End-stage renal disease (ESRD), the most severe stage of CKD, cost Medicare $32.9 billion in 2010, 1 and earlier stages of CKD cost Medicare an estimated $48 billion in 2010. 4 Despite the increasing prevalence and high cost associated with CKD, awareness of the disease remains low in the United States. 5 Many Americans do not know that they are at risk for CKD, and few estimates of the future burden of the disease exist for either individuals or the nation. In this study, we provide 2 measures of the future burden of CKD that represent individual and national perspectives on the future burden of the disease. First, we estimate the residual lifetime incidence of CKD (ie, the probability that someone will develop CKD during his or her remaining lifetime) among current adult cohorts aged 30 to 49, 50 to 64, and 65 years or older. These estimates provide individuals with information on the risk of incurring CKD in their lifetime. Second, we estimate the prevalence of CKD among US adults 30 years or older and 65 years or older in 2020 and 2030, which provides a national perspective on the future burden at a population level.
METHODS

Model Overview
We used the CKD Health Policy Model, a microsimulation model of CKD progression that has been described in detail elsewhere. [6] [7] [8] Briefly, the model simulates the natural history of CKD for persons from age 30 years through death or the age of 90 years. The model includes 7 states: no CKD, CKD stages 1 through 5, and death. The CKD stages are defined by estimated glomerular filtration rates (eGFRs) and the presence of elevated albuminuria, following NKF-KDOQI (National Kidney Foundation-Kidney Disease Outcomes Quality Initiative) guidelines. 9 Figures S1 and S2 (provided as online supplementary material) outline the model structure. Model parameters were derived from the epidemiologic literature, clinical trials, and a previous cost-effectiveness study by Boulware et al. 10 Key disease progression parameters are shown in Tables 1 and 2 .
For this analysis, we based the cohort to be simulated in the model on a nationally representative sample of adults 30 years or older. The data were drawn from persons who participated in NHANES (National Health and Nutrition Examination Survey) from 1999 through 2010. For the persons drawn, we simulated future albuminuria and eGFR trajectories to estimate CKD stages 1 through 5. We focused on CKD prevalence among adults 30 years or older because eGFR typically begins declining after age 20 to 30 years.
9, 24 Measures of the prevalence of albuminuria, the other component in defining CKD, vary widely between childhood and early adulthood.
9 Therefore, the model is designed to simulate disease progression beginning at age 30 years (the relatively few prevalent cases of CKD at age 30 are incorporated in the simulation starting values) and follows up persons as their eGFRs decline and/or they develop persistent albuminuria.
Lifetime Incidence of CKD
For the lifetime incidence estimates for the age groups 30 to 49, 50 to 64, and 65 years or older, we created cohorts of persons drawn from NHANES 1999 to 2010 data. For each person, we drew an actual observation from the cohort age group from NHANES, keeping a person's starting age, sex, race/ethnicity, eGFR, albuminuria status (normal, moderately increased albuminuria, or severely increased albuminuria), diabetes status, hypertension status, and cardiovascular disease status. We estimated eGFR using the CKD-EPI (CKD Epidemiology Collaboration) creatinine equation. 25 Because CKD staging is based on persistent albuminuria and NHANES includes only one observation, we adjusted observed moderately increased albuminuria using an algorithm proposed by Coresh et al. 2 Using these starting values for each person in the cohort, we simulated the person's progression through the model until the person dies or reaches the age of 90 years. The starting year for the simulation is 2010. During each year, a person can develop diabetes, hypertension, or albuminuria. The person's eGFR declines annually, with decrements higher for persons who have diabetes, hypertension, severely increased albuminuria, or eGFR , 60 mL/min/1.73 m 2 or who are 50 years or older (see Table 2 ).
10 eGFR progression rates also are faster for African Americans with eGFRs , 60 mL/min/1.73 m 2 . 8 Persons with diabetes or hypertension are more likely to develop moderately increased albuminuria, and persons with moderately increased albuminuria are more likely to develop severely increased albuminuria. A stochastic multiplicative variable allows eGFR progression to vary between persons with the same risk factors. Further details on progression are available elsewhere. [6] [7] [8] We calculated residual lifetime risk of CKD as the probability of reaching any stage of CKD (stages [1] [2] [3] [4] [5] ) for persons who are not in these stages at the start of the simulation. In the simulation, persons who reach stage 3b must first go through stage 3a; similarly, those who reach stage 4 must go through stages 3a and 3b, and those who reach stage 5 must go through stages 3a, 3b, and 4. However, it is possible to reach stage 3a or higher without going through stages 1 and 2 if a person never has elevated albuminuria.
In addition, we calculated the unconditional lifetime incidence of CKD as the probability of starting with or progressing to any stage of CKD; this calculation accounts for persons who have CKD at the start of the simulation, as well as the residual lifetime incidence for persons who do not have CKD at the start. We calculated unconditional lifetime incidence for CKD stages 3a1, 3b1, 41, and 5 in an analogous fashion.
Projecting Prevalence in 2020 and 2030
To project the prevalence of CKD among adults 30 years or older in 2020 and 2030, we followed a similar simulation process for cohorts that currently are 30 years or older. We applied a slightly different process for cohorts that currently are younger than age 30 but will be 30 years or older in 2020 or 2030. We used NHANES to calculate the size and age, sex, and race/ethnicity proportions of the current 10-to 19-and 20-to 29-year-old cohorts, but we endowed them with eGFR, diabetes, hypertension, and albuminuria characteristics drawn from the current 18-to 29-year-old population. The cohorts then were progressed through the model beginning from the year they turned 30 years old; based on this approach, a few persons start with prevalent CKD at age 30 years. Prevalences of CKD in 2020 and 2030 were estimated as the proportion of persons with CKD among those who are 30 years or older and alive. The future prevalence among adults 65 years or older was estimated similarly. We used bootstrapping to estimate 95% confidence intervals for the 2020 and 2030 prevalence rates. For each year, we simulated the prevalence 100 times. From this sample, we used the 2.5th and 97.5th percentile results to calculate confidence intervals. For comparison purposes, we estimated current prevalence using all observations from the 1999 to 2010 NHANES. We used all observations from 1999 to 2010 to increase sample size.
Sensitivity Analyses
We conducted a number of one-way sensitivity analyses by varying key model parameters. We varied the eGFR decrements associated with diabetes, hypertension, and proteinuria by 650%, following Boulware et al. 10 These decrements affect the eGFR trajectory, which in turn affects the incidence of CKD. We varied mortality rates for stages 3 and 4 by 610%, matching the confidence intervals for mortality effects in the Go et al 18 study of CKD mortality. We also varied the mortality rates for ESRD by 625%, the approximate improvement in ESRD mortality rates between 2000 and 2010. 1 In another analysis, we applied age-specific relative risks for CKD mortality for persons with eGFRs , 60 mL/min/1.73 m 2 . 26 We applied higher relative risks for individuals at younger ages, holding eGFR constant. In separate analyses, we varied Table 3 presents the estimated residual lifetime incidence, current prevalence, and unconditional lifetime incidence of CKD in current US adults 30 years or older. The residual lifetime incidence of CKD is 54.1% for ages 30 to 49, 52.0% for ages 50 to 64, and 41.8% for ages 65 years or older. The residual lifetime incidence of CKD stage 3a1 is nearly as high as the residual lifetime incidence of any CKD for all 3 age groups, ranging from 37.4% to 47.1%, but the residual lifetime incidences for CKD stages 3b1 (ranging from 19.7%-24.2%), 41 (ranging from 8.1%-9.4%), and CKD stage 5 (ranging from 2.6%-3.2%) are much lower. Because the current prevalence of CKD is very low and moderately low for persons aged 30 to 49 and 50 to 64 years, respectively, unconditional lifetime incidences of CKD are very similar to residual lifetime incidences for these ages. For persons older than 65 years, current prevalence is relatively high, and unconditional lifetime incidence therefore is substantially higher than residual lifetime incidence. Separate results by race are presented in Table S1 . Table 4 shows the projected future prevalence of CKD in adults 30 years or older and adults 65 years or older in 2020 and 2030, as well as the current prevalence estimated from NHANES data. For all adults 30 years or older, the prevalence of CKD is projected to increase from 13.2% currently to 14.4% in 2020 and 16.7% in 2030. Among persons with CKD, stage 3a will be the most common stage at all points in time (5.5%, 5.9%, and 8.1%, respectively) and account for the largest absolute increase in prevalence between current levels and 2030. Stages 2, 1, and 3b are the next most common. Estimates for stages 4 and 5 show relatively small changes over time. For adults 65 years or older, the prevalence of CKD is projected to decrease from 39.6% currently to 36.4% in 2020 before increasing to 37.8% in 2030. Among persons with CKD, stage 3a will remain the most common stage at all times (19.4%, 18.1%, and 20.7%, respectively). Separate results by race are shown in Table S2 . 
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Sensitivity Analyses
One-way sensitivity analyses for residual lifetime incidence of CKD for the cohort currently aged 30 to 49 years are shown in Table 5 . Increasing or decreasing eGFR decrements has a large effect on the residual lifetime incidence of CKD. Increasing the decrements leads to more persons reaching CKD stages 3a1, 3b1, 41, and 5 and fewer persons ending progression in stages 1 and 2. With smaller decrements, the proportion of persons reaching CKD stages 3a1, 3b1, 41, and 5 decreases, and the proportion ending in CKD stages 1 or 2 increases. Varying mortality rates for stages 3a, 3b, 4, and 5 has little impact on residual incidence of CKD because these variables affect persons who have already experienced CKD; however, mortality rates for stages 3a, 3b, and 4 have a moderate effect on the residual lifetime incidence of CKD stages 41 and 5. Agespecific relative risks for CKD mortality also have relatively small effects on the cumulative incidence of CKD and CKD stages 3a1, 3b1, 41, and 5. Although increasing or decreasing diabetes incidence has relatively small effects on cumulative CKD incidence, it has a somewhat larger impact on the proportion of patients ending in CKD stages 41 and 5. Varying the incidence rates for albuminuria and hypertension has relatively little impact on the residual incidence of CKD or the proportion of patients ending in any CKD stage.
One-way sensitivity analyses for 2030 prevalence are shown in Table 6 . Varying assumptions about eGFR decrements by 650% has the largest effect on CKD prevalence relative to our baseline estimates. Increasing the decrements by 50% moves an additional 7.7% of the population to CKD, with the proportion of persons in CKD stages 3a, 3b, 4, and 5 increasing and the proportions in stages 1 and 2 decreasing (because persons with albuminuria now will be more likely to progress to eGFRs , 60 mL/ min/1.73 m 2 ). There are corresponding reductions when eGFR decrements are decreased by 50%. In our baseline analyses, persons in CKD stages 3a, 3b, 4, and 5 have higher mortality rates than persons without CKD. Increasing or decreasing the stage 3a, 3b, and 4 mortality rates by 10% or the stage 5 mortality rate by 25% has relatively little impact on CKD prevalence. Age-specific relative risks for CKD mortality also have relatively little effect on CKD prevalence. Varying incidence rates for diabetes, albuminuria, and hypertension all have relatively small effects on the 2030 prevalence of CKD and individual CKD stages.
DISCUSSION
We provide 2 perspectives on the future burden of CKD. From the individual perspective, we estimate the probability that a person will experience CKD during his or her lifetime, given the person's current age. This analysis shows that a person's residual lifetime probability of developing CKD is relatively high. For example, the residual lifetime incidence of CKD is 54% for someone who currently is aged 30 to 49 years. This compares to lifetime incidences of 12.5% for breast cancer in women, 29 33% to 38% for diabetes, 30 and 90% for hypertension in middle-aged men and women. 31 Information on a person's lifetime incidence of CKD may help raise individuals' awareness of the disease and encourage them to take steps to prevent or delay CKD onset.
Our projections for residual lifetime incidence for persons aged 30 to 49 years are higher than the value (47.1% for a 30-year-old person) we generated using an earlier version of the model. 6 Two factors account for this difference. First, our present analysis assumes a faster average annual reduction in eGFR for persons with neither diabetes nor hypertension. The current decrements of 20.85 mL/min/1.73 m 2 before age 50 and 21.0 mL/min/1.73 m 2 for 50 years or older are based on an analysis of NHANES data in which eGFR was calculated using the CKD-EPI equation. Previously, we used the MDRD (Modification of Diet in Renal Disease) Study equation, which may be biased at high true GFR values. Second, starting eGFR values for the simulation now are drawn from individual respondents to NHANES.
Recently, Grams et al 32 estimated the lifetime incidence of CKD stages 3 through 5. A number of methodological differences complicate comparisons between our results and those of Grams et al. 32 We estimated overall CKD incidence (including stages 1 and 2), whereas Grams et al 32 focused on stages 3 and higher. We applied a microsimulation model of disease progression in persons that accounts for risk factors such as diabetes, hypertension, and albuminuria, whereas Grams et al 32 applied a Markov model based on aggregate incidence and prevalence rates. Mortality in our model depends on relative risks for CKD that are independent of age or albuminuria; relative risks in Grams et al 32 vary with age and albuminuria. We provide estimates for persons aged 30 to 49 years, whereas Grams et al 32 provide aggregate US estimates from birth (they also report residual rates by sex and race for different ages, including age 30). Bearing these and other differences in mind, Grams et al 32 estimated a residual lifetime risk of 59.1% for eGFR , 60 mL/min/1.73 m 2 , 11.5% for eGFR , 30 mL/min/1.73 m 2 , and 3.6% for ESRD. The most comparable numbers from our study come from the residual lifetime incidence estimates of CKD stage 3a1, 41, and 5 for persons aged 30 to 49 years: 47.13%, 9.4%, and 3.2%. Although our estimates are somewhat lower than estimates of Grams et al, 32 the estimates are reasonably close despite being derived from different models using different methods.
From a national perspective, we project the prevalence of CKD in the US population 30 years or older in 2020 and 2030. We show that population prevalence will increase in the coming decades. In addition to the increased proportion with CKD, the US population 30 years or older is projected to increase to 204 million in 2020 and nearly 225 million in 2030. 33 Combining our projections of CKD prevalence with the overall population projections, we project that the number of Americans 30 years or older with CKD will reach 28 million in 2020 and nearly 38 million in 2030. This increase suggests that CKD health care costs and quality-of-life losses will increase accordingly and further emphasizes the need to develop new interventions to slow the onset and progression of CKD.
For the population 65 years or older, our estimates show a dip in prevalence between now and 2020, but an increase in prevalence thereafter. The reduction between now and 2020 is surprising given that prevalence in the overall adult population is projected to increase. However, prevalence projections for 65 years or older are especially sensitive to variation in the age distribution of persons across ages 65 to 90 years because prevalence increases rapidly within this age group.
Prevalence depends on incidence, but also on mortality and the age distribution of the population at any point in time. In the model, most persons develop CKD at older ages, when death is an important competing risk versus further progression. As a result, relatively few persons with CKD progress to stages 4 and 5. For those who reach these stages, mortality is high, both because the patients are older and have high mortality even in the absence of CKD and because mortality is elevated further in the stages. Because of these factors, relatively few person-years are spent in these stages, keeping their prevalence low. However, the US population is aging, and the larger share of the population in older age groups, in which CKD is more common, accounts for most of the increased prevalence in later decades.
The clinical significance of CKD stage 3 has been questioned for elderly persons with eGFRs close to 60 mL/min/1.73 m 2 , the upper cutoff for the stage. 34 We divided stage 3 into stages 3a and 3b. We find that the residual lifetime incidence of stage 31 is approximately twice as high as that of stage 3b1, and at any point in time, stage 3a is the most common stage.
Our analysis is subject to several limitations. We focus on CKD in adults 30 years or older because eGFR is relatively constant before that age. Consequently, we do not provide estimates for CKD in younger adults. Data from NHANES indicate that CKD prevalence is w2% in adults aged 18 to 29 years, with virtually all these individuals having albuminuria and eGFRs . 60 mL/min/1.73 m 2 (ie, stage 1 or 2).
Our analysis simulates CKD resulting from sustained disease progression over time. It does not account for acute kidney infections causing abrupt and sometimes permanent decreases in eGFR. To the extent that acute kidney infection is a major source of CKD, we may underestimate CKD incidence and prevalence.
Our estimates are based on assumptions about the effects of risk factors on annual eGFR decrements. Absent changes in risk factors, a person's eGFR is assumed to decline at a constant rate between the ages of 30 and 49 years, with a slightly faster decline beginning at age 50 years. The assumption of constant rates probably is an oversimplification. Better data for eGFR trajectories could lead to better model projections; moreover, adding more variation in the rates likely would lead to wider confidence intervals around our estimates. Unfortunately, longitudinal data sets that follow up persons' eGFRs over time are relatively rare and sometimes consist of selected patients (eg, endocrinology patients with known CKD) who may not represent the general population.
Finally, our estimates are based on current treatment patterns, risk factor prevalence, and mortality rates. If these factors change in the future, our estimates may over-or underpredict the cumulative lifetime incidence for individuals and the overall future prevalence of CKD. This limitation applies to almost all forecasts of future incidence and prevalence, including estimates of life expectancy at birth.
In conclusion, better forecasts of the future burden of CKD can help planners prepare for future health care needs, raise individuals' awareness about the importance of keeping kidneys healthy, and stimulate research on interventions to slow the progression of CKD. Overall, our results show that adults 30 years or older who currently do not have CKD have a residual lifetime incidence of CKD ranging from 54.1% for age 30 to 49 years to 41.8% for age 65 years or older. Financial Disclosure: The authors declare that they have no other relevant financial interests.
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